i'tC 231946 



..^ Illlliiilli.. 

3 1176 00059 9440 I 




NATIONAL ADVlSORy COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 



ORIGINALLY ISSUED 

Jvily 19'^ as 
Mvance Confidential Beport iJtolS 



EFFECT OF CCMPBESSIBILnT CN PRESSURE 
DISISIBUTICH OVER M AIRFOIL WITH A 
SL0TTE3) FRISE AILERON 
By Arro A. Ltio^na 



Langley Menorial Aeronautical Laboratory 
Langley Field, Va. 




fA^A LIBRARY 



WASHINGTON LABon/ ory 



NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
I advance research results to an authorized group requiring them for the war effort. They were pre- 
I viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 

L - 266 



NAGA AGR No. I^OIS 

NATIONAL ADVISORY COIDIITTEE FOR AERONATPTIGS 



ADVANCE CONFIDENTIAL REPORT 



EFFECT OF COMPRESSIBILITY ON PRESSURE 
DISTRIBUTION OVER AN AIRFOIL WITH A 
SLOTTED FRISE AILERON 
By Arvo A. Luoma 



SUf.lMARY 



Complete pressure -distribution measuronents were 
made over an airfoil with a slotted Prise aileron for 
Mach nurubera from O.25 to approxlmttely O.'Jb for various 
airfoil angles of attack and aileron deflections. Sec- 
tion characteris!:ics were deter;alned from these pressure 
data. 

Tlie tests showed a loss in aileron rolling power 
for aileron deflectiona from -12° to -19''. At high 
diving speeds, a decrease in the rate of roll can be 
expected because of a loss in aileron effectiveness 
Aa/A6a at chese speeds. High stick forces for non- 
differential aileron doriectlona at high speeds were 
indicated; and, owing to a tendency of the upgolng 
aileron to overbalance, serious control difficulties 
at high diving speeds may be expected, as a result of 
the present data, the Air Force specifications for the 
calculation of aileron loads have been revised to take 
into account the actxtal loads at high speeds as shown 
by these data. 



INTRODUCTION 



Flight tests to improve the aileron characteristics 
of the P-i].7B airplane had already been started by the 
NAGA when serious structural dlff ictilties of the ailerons 
were encountered by the Republic Aviation Corporation in 
the flight tests of a P-1].7B airplane. The' present tests 
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In the NACA 8-foot high-speed tunnel 'were then Inaugurated 
to determine, specifically, the loads on the ailerons of 
the P-ii.7B airplane and, generally, the effects of com- 
pressibility on the aileron characteristics. An aileron 
model based on the vlnr of the XT-hlB airplane was tested 
and the aerodynamic characteristic? of the airfoil and 
the aileron r/ere determined from complete pressure dis- 
tributions over the main portion of the airfoil and the 
aileron. The tests ware made for Mach nuwbers fi'ora O.25 
to a:?proxlmately. 0.76 iu?.d Included various wing angles 
of attack and aileron deflections. 



The term "airfoil" Is herein used to mean the 
combination of aileron and the iiialn portion of the air- 
foil. The term "aileron al.one" refers to the charac- 
teristics of the aileron in t?.e presence of the main 
portion of the airfoil. Aorodynamlc coefficients and 
other symbols are defined as follows; 

a angl'e of attack 

V velocity in undisturbed strenia 

p local static preseure nt a point on airfoil section 

Pq static pressure in undisturbed stream 

p mass density in undisturbed stream 

a speed of sound in undisturbed stream 



sy;.ibols 



q 



dynamic pressure in undisturbed stream 





P 



pressure coefficient 



M 



Mach number (v/a) 
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a 



aileron defl 



ectlon; positive for 



down deflection 



total chord of aileron (see fig. 



1) 



chord of main portion of airfoil 



(without aileron) 



chord of airfoil (with aileron) 
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distance along chord from leading edge of airfoil 
or aileron 

Xh hlnge-axla location along chord from leading edge 
of aileron 



Xh hlnge-axla location along chord from leading edge 
^ of airfoil 

y distance normal to chord 

hinge-axis location normal to chord 

Subscripts: 

cr when local speed of so\sid has been reached on 
some point on airfoil section 

n upper surface of airfoil section 

L lower surface*.- of airfoil section 

ah ahead of maximiim ordlnates of aileron 

r to the rear of maximiim ordlnates of aileron 

max maximum 

min minimum 

Cjj section normal-force coafflclent of aileron alone 
^ from pressure-distribution*, data 

c^y. section normal-force ooefficient of main portion 
of airfoil (without aileron) from pressure- 
distribution data 



Cn_ section normal -force coefficient of airfoil (with 
aileron) from nrossure-dlatributlon data; 
component of total normal-force coefficient due 



k 
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to aileron chord" f oi»oe neglected; maximum 
absolute error thus Introduced only about 0.01 



cos 



aectlon chord-force coefficient of aileron alone 
frou preaEure-dlstrltution data 



mln 



cj^ section hinfie-moT.isrt 'joefflolent of aileron alone 

^ about aileron iilnge nxia frcs:. r^ressure-dlstrlbution 

data 



sectior ritclilng-r.ionient oerflclent of e-lri^oll (with 
aileron) fatoat fjuariiPr-Oiiord poirt of aiT-foil 
due tc nonr.al rorc3 cn :.iain portion of airfoil 
and eiloron; pitchirg mor.cnt due to chord force 
of m'^in portion cf ftirfoll tnd sil-3rcn not 
include J 



to 



cos 5, 



+ Cna°a sin &a yj.^ 
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section center-of-presaure coefficient of aileron 
' alone (ratio of distance of c.p. of, aileron 
from L.E. of aileron to total chord" of aileron) 



APPARATUS AND TESTS 



The tests were made in the NACA d-foot high-speed 
tunnel, which is a single-return, circular-section, 
closed- throat wlr.d tunnel with the airspeed continuously- 
controllable in an approximate Mach n\]inber range of O.13 
to 0.75. 

The model used in these tests was a 21].- Inch- chord 
10. 5 -percent- thick airfoil with a slotted Prise aileron, 
was of uniform section, and spanned the tunnel. The 
main portion of the airfoil ,'jassed through the walls of 
the tunnel in a manner typical of model installation in 
the NACA 8-foot high-speed tunnel and, to permit deflec- 
tion of tho aileron, a gap of I/16 inch was included 
between the ends of the aileron and the tunnel walls. 

The dimensions of the model section were obtained 
by reducii q scaled dimensions of the wlrg of the 
P-k7B-3 airplane at tho midsection of the aileron. (See 
fig. 1 and tables I and II.) Sufflciont static -pressure 
orifices ware located on tho rcaln port? on of thd model 
and on the aileron to determine che complete pressure 
distribution over the airfoil. 

Statlc-pres3iu?e laeasurements were made for Mach 
numbers from 0.25 to approximately O.76 for various air- 
foil angles of attack and aileron deflections. At the 
higher speeds, the range of f-mgle of attack was limited 
by structural load considerations. Tho tests were made 
with aileron deflections from -19° to 16 . Simultaneous 
observations of the static pressures acting over the air- 
foil were obtained by photographing a multiple-tube 
liquid ( tetrabr ome thane) manometer. 



RESULTS 



The aerodynamic force and moment data presented 
herein were determined from mechanical integration of 
diagrams of pressure coefficient F plotted against 
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chord for pressures over the upper and lower surfaces of 
the main portion of the airfoil and of the aileron. At 
the highest speeds, some of the peak negative pressures 
exceeded the range of the manoneter board end consequently 
were not obtained; in these cases, however, the faired 
presPTire-dlsti'lbutlon plots with the peaks estimated are 
believed to yield data STifficiertly accurate for engi- 
nearing purposes. In order to illustrate graphically the 
nature of the pressure distribution over the airfoil, a 
few of the pressure diagraras are included in figure 2. 

The wing nngle of attack a has been corrected for 
model twist and most of the aerodynamic coefficients are 
plotted against this corrected rjigle of attack with 
aileron deflection 5g^ as a parameter. Cross plots 

of the aerodynamic coefficients against aileron deflec- 
tion Ga have been r^ede from the basic data for several 
values of Mach number. In this report the aerodynamic 
coefficients, which are derived from pressure-distribution 
data, can be taken as section characteristics. 

Airfoil section nomal-force coefficient Cn^ is 

plotted against angle of attack a at various aileron 
deflections in flg'jro 3« Other airfoil cheracterlstlcs 
(slope of nornal-force curve ^Cn^^ot and ^Onyf/^^a> 

angle of attack for norraal-foi'ce coefficient of 0, and 
aileron effectiveness i\a/L6g^), based on the data of 
flfTure 3* are given in figures i|. to 6. It Is to be 
noted that the effectiveness ratio Aa/A5a Is ciirectly 
proportional to the velue of pb/2V at unit aileron 
deflection for a rigid wing in pure roll, where p is 
the rate of roll in radian per second and b/2 is the 
semlspan in feet. Reference 1 shows that, for usual 
rates of p.ileron application on current flchter-type 
airplanes, the rate of roll of the airplane while the 
ailerons are bolng deflected nearly attains the full 
value of the steady ratq of roll corresponding to any 
given aileron deflection. Pit^ure 7 ahowjs the section 
steady rate of roll per degree deflection of slriglo 
aileron p'/45a against Hach nvonber st tv;o altitudes. 
The section steady rate of roll is calculated on the 
basis that the section rolling moment resulting from 
deflection of the aileron is simply balanced by the 
section damping moment due to roll and, based on this 
assumption, the following equation la used: 

p' __Aa V 
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pt section steady rate of roll, degrees per second 

b'/2 distance from plane of sTinmetry of airplane to 
mldspan of aileron (taken as 13 ft) 

ti6e^ deflection of single aileron, degrees 

La/h6g^ aileron effectiveness 

The curve of section steady rate of roll Is Included 
(fig. 7) to show the nature of the compressibility 
effects on the rate of roll. For the actual airplane, 
the rate of roll wotild be anpreclably less than the 
S3otlon values shov/n because damping moments are devel- 
oped by the entire wlnf^ and v/lnjz twist Is present. 

Aileron section hlnge-noment-coeff Iclent data are 
included in figures 8 to 10. Figure 11 has data for 
aileron section center-of-preasuro coefficient. Illus- 
tratlvo stick-force data based on nondif f erential aileron 
deflections and hlr-ge-raonent coefficients at airfoil 
section lift coefficients correspor.dlnti to those of the 
P-if7B airplane in level fll^jht are fiven in fieure 12. 
These data were calculated for an aileron linkage of 
1.7° aileron deflectlcn per Inch of stick movement, an 
area for tha single aileron of IJ square feet, an 
aileron ii*ean chord of lG.75 Inches, and a hinge- axis 
location 25.7 percent back from tiie leading edge of the 
aileron. No account has been taken of variation of the 
section aileron balance along the aileron span or of 
the effect of three-dimensional flow on actual stick 
forces. 

Data on peak negative pressure coefficient and 
section critical Mach number for the aileron are given 
In figures 15 1I4., respectively. Figures 15 and I6 
contain eileron section normal-force-coefficient data, 
and figure 17 shows the average aileron section loading 
against Mach ntmiber at two altitudes for steady rate of 
roll. 

Figures 18 to 20 have data on peak negative pres- 
s\are coefficient and section critical Mach number for 
the main portion of the airfoil. Airfoil section 
pitchlng-moment-coeff iclent data appear in figures 21 
and 22. Figure 25 has aileron section chord-force- 

..... *.*t ^nf-.ci^ 
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DISCUSSION 

Control Characteristics 

For a given Mach number, a decrease In aileron 
deflection genera].ly results In only a small decrease 
In the slope of the normal-force ciirve ^c^^^a 

(fig. 5) the effect of this decrease la to make the 
ailerons sonewhat more effective at the higher airfoil 
normal-force coefficients. The rapid rise In slope at 
supercritical speeds (fig* i;) has been ehown by plain 
airfoils that have the maximum thickness well forward 
(reference 2). At Mach numbers boyond the range of the 
present tests, the typical fall in elope shown by plain 
airfoils (reference 2) and attributable to flow changes 
associated with the formctlon of severe compression 
shocks can bo oxpected. Also Included in figure Ij. is 
tho slope of tho normal-force curvo ^^y/^a, ^'or 

moderate aileron deflection, end the similarity between 
the compressibility effects end those shovm by the 
slope ^Cn^^a Is evident. 

Prise ailerons are characteristically inefficient 
at large up deflections. The data of these tests 
indicate an actual decrease in rolllng-inoment coeffi- 
cient, as ahov.Ti by an increase in airfoil normal -force 
coefficient (fig. 3) when tho aileron deflection is 
changed from -12*^ to -1$°, Uhls reduction in rolling 
efficiency can be explained by a conelderation of the 
static pressures acting over the airfoil. For a given 
angle of attack, the aileron normal-force coefficient 
decreases as 5a changes from -12o to -19° (fig. 15). 
The normal-force coefficient on tho main portion of the 
airfoil, however, increases for tlie -19° deflection 
since the slot pressures, which are more positive for 
the -19° deflection, cause an increase in the pressures 
on the lower surface of the main portion of the airfoil 
forward of the slot to about the 25-percent-chord 
location. The up per- surface pressures over the main 
portion of the airfoil. In addition, are somev/hat more 
negative for the -19° deflection and this condition 
further increases tlje normal force of the airfoil main 
portion. For Lhe nlrfoll tested, the net effect of 
changing the aileron deflectior from -12° to -19° is 
to cause an increase in airfoil normal force since the 
increase in normal force over the main portion of the 
airfoil is greater than tho decrease in normal force 
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over the aileron. This Increase In airfoil noniial- 
fbrce coafflcient- results In" a "detjraase^Iil r&lling- 
moment coefficient which. In terms of airplane control 
characteristics, means a reversal in control effectiveness. 

The effectiveness of the aileron as a means of 
changing the ancle of attack for an airfoil normal - 
force coefficient of 0 Is Illustrated by figure 5; and. 
It Is to be noted that the greater the negative slope of 
the curves, the more effective the ailerons are for 
producing a high rate of roll. ITie of feet of compressi- 
bility on the s] ope is more clearly brought out In fig- 
ure 6, in which the aileron effectiveness or propor- 
tionality factor Aa/^5a Is taken as thJ average value 
for aileron dof loot lone fror.i -6° to 6°. Vor a constant 
airfoil norrnal-f orco ooefriciont of 0, Aa/&5a decreases 
from 0,1).55 (tho r.inus si^'jn is or.ltted) to 0,32, or 26 per- 
cent, ts the Macli number Ij; Increased fro:a 0.25 to 0.7o» 
Most of the decrease results at Mach niunbors above O.7O, 
which is approxlnxEtely the critical Mach number of the 
main portion of the airfoil. The data show some increase 
in Aa/A6a with inc:.''ease 3n ulrfoil norjnal-f orce coeffi- 
cient; at a Mach number of O.7O, Aa/;!i6a increases 
5 percent as the norm«>l -force coefficient Increases 
from 0 to 0.2. The sipnif Ictmco of Aa/*k5a is brought 
out In fi*5ure 7, which shows the variation with Mach 
number of the soctioi-i ctearty rate of roll per degree 
aileron deflection. For Mach mnuberrj up to 0.1|., the 
rate of roll por degree aileron deflection p'/Afa Is 
nearly a linear functlen of Mach number since tho aileron 
effectiveness Aa/A5a Is os&entlally constant. At 
Mach numbers above O.ly, however, the rate of roll 
increases less rapidly with Mach number owing to the 
decroase in aileron effectiveness ■until, at the critical 
Mach nvimber of O.7O, there is actvially a decrease in rate 
of roll. As was brought out previously, the rate of roll 
of the actual airplane for rigid-wing conditions would 
be proportionately smaller than the section rate of roll 
since damping momenta in roll are developed by the entire 
wing. Wing twist would modify further the rate of roll 
shown. 

The inefficiency of Prise ailerons at large up deflec- 
tions is borne out by tliese tests, which show a loss in 
rolling power as the deflection changes from -12° to -19°» 
The shift in the angle of attack for zero normal force 
with Mach number decreases the aileron effectiveness 
Aa/A6a high speeds; and this decrease may be sufficient, 
as in these tests, to cause an actual decrease In the 
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section steady rate of roll per degree aileron deflection. 
The aileron effectiveness Increases somewhat with ajr- 
foll noipnal-force coefflolent. 



Aileron Hinge-Moment Coefficient 

The hinge-moment coefficient for moderate positive 
aileron deflectjons is essentially Insensitive to small 
changes In angle of attaclc In the vicinity of an angle 
of attack of 0°, whereas the hinss-iiioir.ani; ooefflcldnt 
for negative aileron deflections decreases with Increasing 
angle of e.ttack (flc. 3). In othei'' vords, the rate of 
change of hlme-moraont coefficient with angle of 
attack Achg^/Aa Is practlcall7 zero for moderate positive 

deflections and Is negative for negative deflections. A 
negative value of Acj-,g^/Ac darins roll Introduces a 

hinge -rnornent component that tonds to Increase the total 
aileron deflection and, for an underbalanced hlnge-noment 
component due to aileron defloctioa, will decrease the 
stick force, the reduction In sttc!: force due to roll 
of the airplane Is a desirable feature but, for a closely 
balanced aileron, the possibilities of overbalance must 
be considered. In figure o, Acj^ /Aa is talcen as the 

average of tho slopes for equal up £Jid down aileron 
deflections and applies for aii'foll normal-force coeffi- 
cients from 0 to 0,2. It Is seen that Achg^/Aa becomes 

more negative with (1) lucreasirig aileron deflection 
and (2) increasing Mech number for the larger moderate 
deflections (i6°). The decrease In pverage slope is 
mainly due to the decrease with Mach number of the slope 
of the upgoinfj aileron. 

The typical rapid increase in the hlnge-noment 
coefficient of Prise ailerons at the larger up deflec- 
tions due to flow separation off l;he lower surface is 
shown in figure 10. The pressure distributions over 
the aileron indicate that, for the -19° aileron deflec- 
tion, tlie flow over the lower surface has completely 
separated right from th«3 sharp nose of the aileron, with 
a consequent shift in center of pressure back to about 
39 percent of the aileron chord (fig. 11). Tlie pres- 
auTQ data for the -120 aileron deflection also show 
separation off the lower surface of the aileron but, 
in this case, the separation Is loss drastic than with 
the -19° deflection. Compressibility effects aggravate 
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the separated flow of the -12° deflection.. Even for the 
-6° aileron defleciilonj Incipient separation Is Indicated 
with decreasing angle of attack at the highest Mach 
numbers. This separation off the lower surface of the 
aileron at the larger negative deflections with the con- 
sequent rearward shift In center of pressure causes the 
large Increase in- hinge -laoment coefficient c^i at 
these deflections. 

For aileron deflections of -UP and -6°, the center 
of pressure moves forward as the Mach number Increases 
(fig. 11) owing to the building up of the negative pres- 
sures about the nose and the forward portion of the 
ailerons. For some of the airfoil normal-force coeffi- 
cients, an overbalance of the individual aileron exists, 
portlculaply at tiie highest Mach numbers (fig. 10(c)). 
For positive aileron deriections, there is a general 
rearward movement of the center of pressure (fig. 11) 
and consequently a nors negative hinge -noir.ent coeffi- 
cient with both increasing aileron deflection and Mach 
masiber. For aileron deflections of 12° and l6°, the 
presstire plots indicate some separation off the rear- 
ward portion of the upper surface of the aileron; this 
separation la much leas severe, however, than the 
separation off the lower surface at large negative 
deflections . 

At high riach numbers « the ailerons are limited to 
small deflections, particularly at low altitudes, because 
of large stick forces (fig. 12). At a Mach nvurber of 
0.525 (i|.00 mph for sea-level conditions) and an aileron 
deflection of ti{.°, the calculated stick force is 
55 pounds. As has been pointed out previously, the 
calculations were made by assuming the same hinge-moment 
coefficient for all sections of the aileron, and no 
correction was made for three-dimensional effects on 
stick forces. The calculated section steady rate of 
roll for these conditions Is 66° per second; the rate 
of roll would be less for the actual airplane, since 
the entire wing In roll contributes to dcmping and the 
wing is not rigid. Tests of the Spitfire have shown 
that wing twist at IfOO miles per hour decreased the 
steady rate of roll 65 percent (reference 1), Airplane 
speeds in dives approach a Mach number of 0,88 (610 mph 
at 25,000 ft), and flgiire 12 shows that aileron 
difficulties can be expected at such high speeds. 
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At an altitude of 25,000 feet and a Maoh number of O.76 
(525 mplij^or example, the data show a region of aileron 
deflection that \a unstable since the stick force 
decreaaao with Increasing aileron deflection. Besides 
being unsuitable for well -controlled moneuvers, this 
repion of unstable aileron cheracteris tics can well lead 
to structural difficulties of tno ailerons from vibration 
and shake. At speeds beyond those of the test data, 
control difficulties may be even v/orse. 



Prise Aileron Pifficultles 

For moderate negative Prise aileron deflections, 
there is a typical abrupt ii-crease of tixe aileron peak 
nefStive pressure coefficient in the supercritical* 
replon &nd then a collijpse at still higher Ilach nuribers 
as illustrated by figure 15, which is for an aileron 
deflection of -k.^, 3'/on at these higher Mach numbers, 
however, a proneral increase of the air loads occurs on 
the forward portion of the idleron with a resxalting 
increased tendency to'vard ovorbalarice. Although thero 
may be no not overbalance of the coir-bined ailerons, the 
tendency of the upgoixif; aileron to overbalance produces 
an unstable stlck-fcrcQ variation that can well lead to 
further control difficulties. Tlie high peak negative 
pressures and the steep tdvorse pressoro gradient about 
the nose of a Frise aileron at up deflections are In 
tlieniselves undesirable, but equally significant is the 
fact that the air flow, end hence the pressure distribu- 
tion, about the aileron nose may be very sensitive to 
nose shape. Small nose-ehape differences resulting 
from manufacturing irropvilarities or michandling in 
aileron fssombly or in rubsequenb operations can give 
rise to appreciable changes In aileron behavior, 
particularly hinge-iroment characteristics, variations 
in aileron rigging may a].so have an appreciable effect 
on tha aerodynamic characteristics of the aileron. 

Figi^re li;. cloarly Illustrates the b^isic charac- 
teristic of a Prise ailorcn for doflecticns with the 
nose nrotrudlng into the air strean, namely, low 
aileron critical Mach numbei's aue to hirh negative 
pressures about the aileron nose. A knowledjre of 
the critical speeds of ailerons of this type is 
important in deternir Ing speods at which aileron 
difficulties can be ext>ected. 
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For hli^h-apeed aircraft, any type of aileron balance 
that depends for Ita operation end balance on the air loads 
acting about an aileron nose which protrudes Into the air 
streaip Is undesirable becr.use of lbs aerodynamic drawbacks. 



Aileron Section Loads 

The present teats bring out the fact that. In the 
structural design of slotted Frlse ailerons, equal con- 
sideration must be riven the magnitude of the downloads 
and the uploads on the aileron. (See figs. 13 and l6.) 
Compresalblllt^ has a groater effect on aileron loading 
for negative deflections than for positive deflections. 
For an airfoil nor-nal-force coefficient of 0, the value 

of aileron normel-force coefficient Cn„ e.t an aileron 

a 

deflection of -6° chan^sea fron -0.5U to -^O.l^ with 
Inoreaae in Mach mmber Trcm 0.25 to 0,7b; v;hereas, for 
an aileroii deflection of 6c, the change is frora 0,25 
to 0.29 *'or the same in-iroess in ?aach nunber. For an 
Elrfoll normal-force coafflclent of 0,2 and the same 
Mach nunbera, the vnlua of aileron ncrmal-forco coef- 
ficient v&riaa from -0.2];. to -0,3h- for a deflection 
of ~C° but, for a rtoflecilon of 60, It renieins essentially 
con? tent at O.5O. 'xhe Inrdequrcy of the Air Corps speol- 
floQtiono of referance 3 for the structural dssign of 
ailerons Js brought out in fi:;ure 17^ which sliows the 
actual average aileron section loading it two altitudes 
for airfoil section lift coefficients corresponding to 
those of the P~i].73 airplane la levol flif;ht. By using 
the Air Corps specifications to calculate aileron average 
doslgn loads (those specif icationa include a factor of 
safety of 1.5) J values of 112 pounds per square foot for 
uploads and '^6 pounds per square foot for downloads are 
obtained. It Is quite evident that the actual loads In 
high-speed fll^t can well exceed the calculated values, 
particularly for downloads. 

As a result of the present data, specif icationa for 
the calculation of aileron loads as glvon in reference 3 
have been revised so that due accoimt is taken of the 
actual aileron loads attained In the nomal operation 
of the airplane at high speeds. 



Other Airfoil Characteristics 

An example of the usual type of plot of peek negative 
pressure coefficient of the main portion of the airfoil 
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against Mach number Is Included In flgupe l8 for an aileron 
deflection of 0°. For the airfoil tested, the maximum 
critical Mach number of the main oortion of the airfoil 
for moderate aileron deflect5.ors Is approximately constant 
at 0.70, and this maximum Mach number is of course for 
tne values of angle of attack at which both upper and 
lower surfaces become critical simijltaneously (fig. 19)- 
For airfoil normal-force coefficients frorr. 0 to 0.2, the 
\xnger surface of the main portion of tho cirfoil la criti- 
cal for negative aileron deflections and either the 
lower surface or the uoper surface ?. s critical for 
positive aileron deflections (fig. 20). Tho difference 
in criticel speeds - honce, dlffereixce in drags - of an 
airfoil with uppolnc and dov/ncoin^ ullerons of course 
affects the yav,'lng tendeiicies of an airplene. 

Characteristic of "ailerons which have a nose 
protrudlnf: into the t-ir strean on uc deflections , it is 
to be noted that tiie critical spe^d of the aileron nay 
be reached at ppeads lower tnin L^o critical speed of 
the main portion of ^"he airfo.M; for example, with an 
aileron deflection of -6° end at an airfoil normal-force 
coefficlont of 0, the aileron tested (lower surface) 
becomes critical at a Mach number of 0.'jli5 whore as the 
main por-tion of the airfoil (upper surface) becomes 
critical at a Hach number of 0.l6. For high-speed 
airplanes, the adverse aercdy.iamic effects due to the 
development of compress ior shock on ailerons of this 
typo cannot be cverlcokod. 

The rate of cii^npe of pit chin rj-moment coefficient 
with angle of attack dc^^^'ta generally is positive for 

all allei'on deflections except at the hichest Liach 
nu'nbers at which the slope becomes negative for negative 
aileron deflections (fig. 21). This change in slope in 
the suparcritical region is dae to che rearward shift 
of the center of pressure of the uploads on tho main 
portion of the nlrfoll with increase in angle of attack. 
Compressibility has a greater effect on the airfoil 
pltching-noment coofflclent at moderate positive aileron 
deflections tlian at moderate necatlve deflections 
(fig. 22). For the pcsltive doflecclons, th'3 pltching- 
momoiit coofflclent consiat'-ntly decreases with Mach 
number and, for the negative deflections, tho pltchlng- 
moment coefficient generally increasos with Mach number 
except at the highest speeds, at which thJ pitching- 
moment coefficient decreases. 
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For ailerons that have. I^e. hinge axl^^ located well 
below the chord line, the hinge-moment component due to 
the chord force may be appreciable. In the present tests, 
this component amounted to about 8 percent for the 
largest aileron deflections. Figure 23 Is Included to 
show the magnitude and variation of the aileron chord- 
force coefficient with aileron deflection. !I<hese data 
are based on pressure forces and of course do not Include 
skin- friction forces. 



CONCLTJDIIIG REMARKS 



Complete pressure -distribution measurements were 
made over an airfoil with a slotted Prise aileron for 
Mach numbers from 0.25 to approximately 0,76 for various 
airfoil angles of attack and aileron deflections. Sec- 
tion characteristics determined from these pressure- 
distribution measiirements Indicated the following 
conclusions; 

1. A loss In aileron rolling power was found for 
aileron deflections from -12° to -19°. 

2. A 26-percent decrease in aileron effec- 
tiveness Aa/A6a occurred between Kacli numbers of 0.25 
and 0.76 and, even without wing twist, this decrease 
would cause an actual decrease in the rate of roll at 
high diving' speeds . 

3. High stick forces for nondlfferentlal aileron 
deflections at high speeds were Indicated. 

1^. Control difficulties at hl£^ diving speeds can 
be expected because of a tendency of the upgolng aileron 
to overbalance . 

5. As a result of the present data, the Air Force 
soeclfl cations for the calculation of aileron loads have 
been revised to take Into account the actual loads at 
high speeds as shown by these data. 
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TABLE I 

ORDINATES FOR MATH PORTION OP AIIiPOIL (WITHOUT AILERON) 

(214.- In . -chord model of section of P-lf7B-5 wing taken 
through midsection of slotted Frlso aileron; 
stations and ordiimtes in in. from airfoil L.E. 
and chord line, respectively 





Ordinate 




OrdJ 


Lnate 


Station 


UTjper 
surface 


Lower 
siarf ace 


station 


Upper 
siu'f ace 


Lower 
surface 


0 

.03 
.15 

:li 


0.11 

.1;2 

.56 


-o.oO 

-.17 

-•23 
-.28 


9.53 
10.10 
10.69 
11. 8d 


1.51 
l.fi.7 
1.1+5 
1.55. 


-0.91 
-.90 
-.88 
-.65 


.89 
1.19 

1.1+9 
1.73 


'M 

1.00 
1.12 
1.22 


-.32 

-.30 

-.i+7 
-.51 


15.07 
Ik -2b 

lb. 25 
16.63 


1.25 

1.10 

.58 
.&3 


-.78 

-.55 
-.52 


& a iJO 

2.38 
2.67 

2.97 
3.27 


1.30 
1.37 
1.^3 

i.i;7 
1.51 


-.55 

-.b2 
-.66 

-.69 


iO • f 0 

16.93 
17.08 
17.25 
17.58 


. C'C. 

.80 
.78 
• 77 
.75 


|.Q 

-.1+5 
-.20 
.01+ 
.20 


Ui 

5.35 
5.94 


1.59 
1.62 

1.63 

1.61+ 


-.71 

-.39 


17.52 

17.07 
17.32 

17.97 

18.12 


.72 
.71 

'Ja 

.66 


.51 

:^ 
.50 


6.53 
7.13 
7.72 
8.52 
8.91 


1.63 
1.62 
1.60 
1.57 
i'5h 


-.90 

-.91 
-.92 

-.91 
-.91 


18.27 
l8.i+2 
18.56 
18.71 
l8.7fe 


.6k 
.65 
.61 

•52 
.58 


.53 
•55 

i 

.58 



LoB- radius: O.18 

Slope of radius throiigh end of chord:. 0.100 
Shroud trailing-edge radius; 0.01 
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TABLE II 

ordiitates for aileron aloks 

jzi}.- In. -chord model of section of P-l;7B-5 wlnp taken throurfi midsection ofr 
slotted Prise aileron; ordlnates in in. froci chord lin^ 



Noseoiece 


Tailpiece 


Sta 


tion 


Ordinate 


Station 


Ordinate; 


(in. from 
airfoil 

T F ^ 


( in . from 
aileron 

T H ^ 


surface 


surface 


(In. from 

airfoil 
L.IL. ) 


(in. from 
aileron 
L.E. ) 


Upper 
surface 


Lower 
suriface 


17.5^ 
17.58 

17. ol 

17.61I. 


0 

.01 

.oil- 

.07 

.10 


-O.L3 

-.lio 
- ^6 

-.33 
-.50 


-0.1,3 
-.iJ-5 


19.75 
19.90 

20.65 
26.20 
20. SO 


2.21 
2.36 
2. 51 

2.66 
2.96 


O.ii.3 
.kS 
.39 


-0,29 
-.28 
-.26 

-.25 
-.25 


17.07 

17.82 

17.97 
lb .12 
18.27 


.13 

.28 

.56 

.73 


-.26 

-.15 

-.02 
.07 

.10 


-.1+2 


20.79 
21.09 

21.39 
21. b8 
21.98 


5.25 

lil 


.35 
.31 
.27 
.23 
.20 


-.21 
-.20 

--I7 


l8.1j2 

18.56 
18.71 
18.86 
19.01 


.88 
1.02 

l^^^7 


.25 
.51 


-.1,0 

-.56 
-.3U 


22.28 
22. S7 

22. S7 

25.17 

23. U7 


5.03 
5.53 
5.63 
5.93 


.17 
.15 
.10 

.07 
.05 


-.12 
-.10 
-.08 
-.06 
-.Oif 


19.16 

19. ?1 

I9.a6 
19.60 
19.70 


1.62 

1.77 

1.92 
2.06 
2.16 


.i|.8 

•ks 

.50 

'-Is 


-.33 
-.32 
-.31 
-.50 
-.29 


23.76 
2I+.OO 


6.22 

6.1|£ 


.02 

0 


-.02 

0 
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F'igure /. — Cross section of mode. I * based on secf/'on of 

P-47B-3 *v/>7^ yoJrerj ^^ron^/? inids^c^/on cf s/oHmd fHsa ai/eron. 



oq 



upper surface 



J— Upper 
I surface 




Lower 
surface 



NATfONAL ADVISORY 
COMNinEE m AEMMMITICS. 



Figure^." Effect of comprzssibilify on pressure di'stri- 
hut ion over air foil »v///? si of fed Frise aileron. 
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Figure 2. Continued. 
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